Background: Apart from nasal symptoms allergic rhinitis was associated with ocular or other symptoms affecting social and somatic activities or sleep. In the literature, only a few prospective studies regarding allergic rhinitis and holistic consideration of quality of life were reported. Methods: The aim of this case control study was to investigate prospectively the effect of allergic rhinitis on quality of life. 103 patients (50 males and 53 females) with mean age 30.8 ± 13.4 years, range 18 -55 years, diagnosed with the disease with skin prick testing, were evaluated regarding quality of life by using the General Health Questionnaire-28, the Athens Insomnia Scale (AIS) and the mini Rhinoconjunctivitis Quality of Life Questionnaire. 50 participants without history or allergic symptoms during the last 12 months formed the control group. Independent sample t-tests were conducted to assess significant differences between patients with allergic rhinitis and controls regarding all the examined parameters concerning quality of life. Data was analyzed using Windows statistical package of SPSS version 18.0 (SPSS Inc., Chicago, IL, USA). Statistical significance was set a priori at 0.05. Results: Dust mite, mixed grass and pollens were the most common allergens found in patients with allergic rhinitis. It was also observed that the examined patients showed statistically worse results concerning not only physical and social activities but also quality of sleep and nasal or other symptoms as compared to healthy controls (p < 0.05). However there were no statistically significant differences regarding anxiety and severe depression between the examined groups (p > 0.05). Conclusion: Allergic rhinitis negatively affected the quality of life especially the parameters that were related to psychosocial activities and sleep, which might have an impact on daily living.
Introduction
Allergic rhinitis (AR) is an IgE-mediated inflammatory chronic disorder of the nasal mucosa caused by exposure to allergens [1] [2] which affects a significant percentage of population varying from 10% -35% among different countries [3] - [8] with an increasing trend over the last years attributed to higher environmental exposure to allergic factors, longer stay in closed spaces and other social or economic causes [9] [10] [11] .
Nasal symptoms such as nasal congestion, watery rhinorrhea, nasal itching, sneezing and post-nasal drip, are primarily observed in patients with AR [12] [13] . Snoring or mouth breathing due to nasal obstruction, ocular itching, pain or tearing, cough, loss of taste or smell, or even hearing dysfunction might be secondary chronic or recurrent symptoms of allergic rhinitis which can lead to sleep disturbance, diurnal fatigue, irritability or sleepiness affecting emotional, physical, and social aspects of quality of life [12] [13] [14] [15] .
The effect of AR in quality of life is difficult to be assessed. Perceptions of quality of life change dynamically and variations may be referred even between individuals [16] . Therefore many scales and instruments which include physical, psychological and social dimensions as determined by the World Health Organization (WHO) have been developed to quantify assessment of quality of life, in forms of specific validated questionnaires [17] . However, because of the fact that AR is a multifactorial disease that is correlated with both genetic and environmental factors, weather conditions, age and local cultural and ethnic aspects, there have been proposed certain modifications and versions of these questionnaires for different populations and age groups [3] [18] [19] .
The purpose of this study was to investigate the effect of AR on quality of life, in Greek adults suffering from the disease. Nasal, ocular and other secondary symptoms of AR can cause great discomfort in daily activities influencing family, social and professional life. The current study tries to recognize the factors that affect the quality of life of patients with AR. The knowledge of how AR affects physical, mental and social status may assist the clinicians to better understand the impact of disease in patients' life and give new directions for treatment options.
Methods

Patients
The study was carried out from March 2018 to March 2019. One hundred and three patients with at least one or more symptoms of AR such as nasal itching, Int. J. Otolaryngology and Head & Neck Surgery rhinorrhea, sneezing and nasal congestion met the inclusion criteria which include 1) moderate to severe allergic rhinitis according to AR and its Impact on Asthma (ARIA) guidelines [20] , 2) chronic clinical manifestations of AR and 3) positive skin prick test, 4) age above 18 years old. Patients with a) other chronic diseases or comorbidities such as asthma, sinusitis, food or medication allergy that could alter the skin tests, b) unstable work/academic activity that could affect sleep and quality of life, c) mild AR, d) age less than 18 years old and e) reluctance to participate to the study, were excluded.
According to ARIA guidelines [20] , sleep disturbance is one of the factors that reclassify the severity of AR from mild to moderate-severe. In order to have a more homogenous examined sample we decided to exclude patients with mild AR from the study as the effect in quality of life would be limited as compared to those patients with moderate to severe AR. We only included adults in our study as children with AR present differences as compared to adults especially concerning the comorbidities which would have affected our results. Fifty participants with no history of AR or other allergies formed the control group. 
Materials and Methods
All the patients that were enrolled in the study were requested to complete 3 questionnaires: The General Health Questionnaire-28 (GHQ-28), the Athens Insomnia Scale (AIS) and the mini Rhinoconjunctivitis Quality of Life Questionnaire (miniRQLQ). The GHQ-28 that was developed by Goldberg in 1978, translated and modified for the Greek population by Garyfallos et al. [21] included 12 questions investigating disorders related to somatic symptoms, anxiety, social dysfunction and severe depression. Each question had numeric scores ranging from 1 to 4 (the higher score indicated worse results).
The AIS questionnaire examined characteristics of sleep quality within the last month by using 8 questions which were marked with numeric scores from zero (good results) to three (worst results) [22] . The miniRQLQ [23] consisted of 14 questions covering 7 aspects of daily life (one question for physical functioning, one for social and emotional functioning, another one for sleep disorder, two questions for practical problems, three regarding rhinitis, three for eye symptoms and finally three questions concerning other symptoms). The participants were asked to rank the severity of disturbance within last months on a seven-point scale (0 no disturbance to 6 very severe disturbance).
Skin prick testing was performed with the use of 48 allergic extracts provided by BIAL-Aristegui, Italia, which included allergens such as mixed grass, plane (Platanus vulgaris), olive (Oleaeuropea), dust mite, pollens-dermatophytes, Aspergillus fumigates, mixed cockroach, animal epithelium (dog, cat, horse etc.), α-lactalbumin (αLA), β-lactoglobulin (βLG) and casein [24] . The flare and wheal were evaluated 15-20 minutes after the test. The wheal was compared with the positive (histamine phosphate 2.75 mg/ml) and negative control (glycerin saline). Test was regarded as positive if the wheal was equal to or larger to histamine control (or greater than 3 mm) [25] .
Statistics
For statistical analysis independent sample t-tests were conducted to assess significant differences between patients with allergic rhinitis and controls regarding all the examined parameters concerning quality of life. Data was analyzed using Windows statistical package of SPSS version 18.0 (SPSS Inc., Chicago, IL, USA).
Statistical significance was set a priori at 0.05.
Results
The AR group was composed of 50 males and 53 females. Their mean age was 30.8 ± 13.4 years (range 18 to 55 years). The controls were 19 males and 31 females with a mean age of 26.1 years ± 7.3 years (range 18 to 50 years).
The most common allergens that were found in the group of allergic rhinitis and are presented in Figure 1 , were dust mite, mixed grass and pollens with 63.4%, 60.2%, 48.6% of patients testing positive, respectively (Figure 1) .
Regarding the quality of life, GHQ-28 revealed that patients with AR had higher scores and therefore worse results than controls regarding not only somatic symptoms but also social activities. Specifically, AR patients were feeling greater pressure or pain in head and they were slower in executing tasks as compared to controls. However, as concerned to the examined parameters anxiety and severe depression, there were no statistically significant differences between AR and control groups ( Table 1 ). Found that the idea of taking your own life kept coming into your mind p = 0.135 1.05 ± 0.27 1.00 ± 0.00
Feeling that you couldn't do anything because your nerves were too bad p = 0.066 1.64 ± 0.72 1.43 ± 0.50 SD: Standard deviation.
With the use AIS questionnaire, it was also observed that quality of sleep was worse in patients with AR than in controls with the scores of this questionnaire being statistically higher in AR patients for all its subscales (Table 2) .
Finally, the analysis of results from miniRQLQ unfolded that all aspects of this questionnaire (respecting physical and social functioning, quality of sleep, nasal, ocular or others symptoms such as fatigue, thirst and irritability) presented again statistically significant lower and consequently better scores in controls than in AR patients (Table 3 ).
Discussion
In the current study, it was observed that in patients with moderate to severe AR, there was a significant deterioration in nearly all the subjective factors that concern quality of life including physical, social and emotional parameters and sleep disorders as they were quantified with the use of worldwide applied questionnaires modified for the Greek population; and only the parameter severe depression was not influenced by AR symptoms. Moreover it was documented that dust mite, mixed grass and pollens were the most common allergens identified in our AR patients.
Similarly to our study, Juniper et al. [21] reported that AR symptoms were related with discomfort to patients and negative impact in quality of life in general. In addition, Maspero et al. [26] and Schatz [27] found that AR had adverse effects on sleep, daily activities, physical, social and mental status. Association of AR symptoms with poor mental health, increased stress, depressed mood and work or social limitations was also found by Kim et al. [ [35] . Furthermore, others studies indicated that nasal congestion which was considered by AR patients as their most troublesome symptom; was closely associated to their rhinitis-related sleep problems mainly due to breathing disorders during sleeptime which could cause, fragmented or partial sleep, sleepiness and consecutive tiredness, fatigue and irritability [2] [36]- [42] . Additionally, allergic symptoms such as sneezing, rhinorrhea and nasal pruritus along with different components of the immune and inflammatory response could also have an impact on sleep and daytime sleepiness impairing the quality of life [41] .
In fact quality of life is considered to be negatively affected not only by the common symptoms of AR but also from the function of mediators such as histamine, leukotrienes (C4 and D4), interleukins (IL-1, IL-4, IL-5, and IL-6), prostaglandin D2 and inflammatory cytokine IFN-γ, that take part in the pathophysiology of the disease via modulation of central nervous system processes causing negative effects on the sleep-wake cycle and subsequently poor sleep quality [43] [44] [45] .
Indeed regarding the obstructive sleep apnea, Cao et al. [46] reported that the prevalence of AR in obstructive sleep apnea (OSA) was considerably high and children with sleep-disordered breathing suffered from a higher incidence of AR than non-sleep-disordered breathing. However OSA adults accompanied with AR did not have any influences on sleep parameters [46] .
In our study, we demonstrated that certain factors which quantify the quality of life of AR patients were impaired. We found that physical, psychological and social tasks were negatively affected in AR patients leading to limitations on daily activities and sleep but anxiety and severe depression were not influenced.
In order to add further validation in our study, apart from the clinical diagnosis of AR, we used skin prick testing. Thus, we also observed that the most common allergens found in the Greek population were dust mite, mixed grass and pollens frequently found in environments of Southern Europe [47] [48] .
However, our study had several limitations. First of all, the concept of quality of life is somewhat subjective, varies among people and depends on the degree of individual expectations that might alter over time with the evolution of the disease. Therefore we tried to "measure the quality of life" by using scientifically recognized disease-specific questionnaires as recording tools. Secondly we included in our study only adults with moderate to severe AR. Although, AR concerns not only adults but also children or adolescents, we excluded these patients in order to have a more homogenous examined sample and to avoid possible difficulties in responding to questionnaire in such ages. Patients with mild AR were also excluded from the study as their symptoms would be insufficient to have an effect on their quality of life.
Conclusion
Conclusively, the results of the current study highlight that AR negatively affect not only the somatic but also social and emotional aspects of life, and especially sleep and wakening, impairing the quality of life of AR patients in general. This problem should be always taken into consideration by physicians who manage patient with AR in order to have a better outcome with the following treatment.
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